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FOREWORD 

The National Aeronautics and Space Administration Long Duration Exposure Facility (LDEF) was 
launched into low-Earth orbit (LEO) from the payload bay of the Space Shuttle Orbiter Challenger 
in April 1984. It was retrieved from orbit by the Columbia in January, 1990. The 57 LDEF 
experiments covered the disciplines of materials, coatings, and thermal systems; power and 
propulsion; space science; and electronics and optics. LDEF was designed to provide a large 
number of economical opportunities for science and technology experiments that require modest 
electrical power and data processing while in space and which benefit from post-flight laboratory 
investigations of the retrieved experiment hardware on Earth. Most of the the materials experiments 
were completely passive; their data must be obtained in post-flight laboratory tests and analyses. 

The 5.8-year flight of LDEF greatly enhanced the potential value of most LDEF materials, 
compared to that of the original 1-year flight plan. NASA recognized this potential by forming the 
LDEF Space Environmental Effects on Materials Special Investigation Group (MSIG) in early 
1989. MSIG was chartered to investigate the effects of the long LEO exposure on structure and 
experiment materials which were not originally planned to be test specimens, and to integrate the 
results of this investigation with data generated by the Principal Investigators of the LDEF 
experiments into the LDEF Materials Data Base. 

When evaluating space environmental effects on materials and systems in LEO, one of the most 
important environmental parameters is the combination of electromagnetic radiation emanating from 
the sun directly on the materials and that reflected to these materials from the Earth. The radiation in 
the ultraviolet portion of the solar spectrum is of particular importance. Specific information on the 
accumulating exposure during the mission and on the total cumulative exposure of each of the 
LDEF experiment trays is required to define the performance of most LDEF materials and systems. 
Accordingly, MSIG decided to delineate solar exposures, in terms of equivalent sun hours, on 
each of the side rows and on the Earth and space ends of LDEF to provide the solar exposure 
supporting data to LDEF investigators for the detailed analyses of their experiments. 

This document is the LDEF Solar Exposure Summary, prepared by the Boeing Defense and Space 
Group under NASA Contract NAS1-18224, Task 12 "LDEF Materials Data Analysis". 

Bland A. SteirT^^^^ 

Chairman, LDEF Materials Special Investigation Group 
NASA - Langley Research Center 
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1. INTRODUCTION 


A primary objective of the Long Duration Exposure Facility (LDEF) mission was to study the 
effects of the space environment on various materials over an extended period of time. Two 
important contributors to materials degradation are solar radiation and atomic oxygen exposure. 
We have described atomic oxygen exposure calculations for LDEF in an unpublished report 
provided to NASA, titled Atomic Oxygen Flux and Fluence Calculation for the Long Duration 
Exposure Facility (LDEF) by R. J. Bourassa and J. R. Gillis, September 1991. Solar 
radiation exposure is covered herein. 

The rate of accumulation of solar exposure in terms of equivalent sun hours depends upon the 
solar form factor for direct solar radiation and upon the earth albedo form factor combined with 
an appropriate value of albedo for earth reflected radiation. Form factors for the calculations 
were provided to Boeing by NASA in an unpublished report, titled Long Duration Exposure 
Facility Solar Illumination Data Package by W. M. Berrios and T. Sampair, 1991. Earth 
albedo has been determined from Nimbus 7 radiometer measurements and reported by Smith, 
et al. (Reference 1). 

Tables and plots of equivalent sun hours exposure as a function of mission time for LDEF 
surfaces have been calculated and are described in this report . Exposures are expressed in 
cumulative equivalent sun hours for combined direct and earth reflected components of the 
solar radiation environment. 

2. FORM FACTORS 

The solar form factor for a surface is a function of its orientation with respect to the sun’s rays. 
The earth albedo form factor for a surface on a spacecraft is a function of the position of the 
spacecraft relative to the earth’s illuminated hemisphere and to the orientation of the surface 
with respect to the local vertical direction. Both form factors when averaged over a complete 
orbit are defined by the angle that the spacecraft’s orbit plane makes with the sun’s rays and the 
orientation of the exposed surface with respect to the spacecraft’s heading and vertical 
coordinates. 

The angle between the orbit plane and the sun’s rays (Figure 1) is defined as p. The range of p 
is obtained by adding the inclination of the earth’s equator with its orbit plane, 23.5°, to the 


1 



inclination of the spacecraft’s orbit plane with the earth’s equator, 28.5° for LDEF. Therefore, 
P varies from -52° to +52° for LDEF. Orbit averaged solar form factors (Table 1) and albedo 
form factors (Table 2) for each row and both ends of the LDEF vehicle as a function of P over 
the range -52° to +52° were provided by NASA for the calculations herein (Berrios and 
Sampair, op. cit.). Further, they have provided a table defining P angle (Table 3) for each day 
of the LDEF mission. Thus, the data for calculating both solar form factor and earth albedo 
form factor for LDEF on an orbit average basis were available. 

All that is needed to proceed with the determination and summation of solar exposure in 
equivalent sun hours for LDEF is a value or values of earth albedo for use with the earth albedo 
form factor when calculating the earth reflected component of solar exposure. For each day of 
the mission earth reflected and direct solar exposure may then be added and accumulated to 
obtain total solar radiation exposure for each LDEF surface as a function of mission time. 

The orbit averaged solar form factors (Table 1) and albedo form factors (Table 2), provided by 
NASA, were calculated for LDEF based on an estimated yaw angle often degrees with the ram 
vector shifted toward Row 10 from Row 9. After the NASA's researchers completed their 
calculation, it was determined that the yaw angle was eight degrees. In the work reported 
herein, solar exposures were first calculated for a yaw angle of ten degrees using the input data 
supplied, then results were corrected to a yaw angle of eight degrees by interpolation. 

3. EARTH ALBEDO 

Smith et al. (Reference 1) have published monthly average earth albedo values derived from 
Nimbus 7 short wave radiometer measurements from November 1978 to October 1985. The 
Nimbus 7 short wave radiometer covered the wavelength band from 0.2 to 3.8 Jim; the spectral 
dependence of albedo within this band was not determined. The albedo values of Smith et al. 
are available for every five degrees of latitude and longitude, except for small regions near the 
earth's poles where some monthly data are missing. Rutan revised these data, extended them 
to July 1987, and made them available to Boeing in digital format. Rutan's revised and 
extended albedo data set was used in the calculations reported here. 

The LDEF orbit is inclined 28.5 degrees to the equator and sweeps across the region from 
28.5° N to 28.5° S latitude. Monthly average albedos for the region from 30° N to 30° S were 
calculated using Rutan's data. These average albedos for each month are displayed in 
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Figure 2. There are small seasonal albedo variations — albedo tends to be higher in summer 
and winter than in spring and fall. However, these seasonal variations are quite small; their 
standard deviation is only 0.007 from the average of all albedos of 0.246. We, therefore, 
chose to use the average albedo of 0.246 for all dates. The error in earth reflected radiation 
caused by using this grand average albedo rather than the monthly average albedos should be 
less than 5 percent in any month and should average to near zero over any six month or longer 
period. 

4 . DESCRIPTION OF COMPUTER PROGRAM 

The authors have developed a computer program, SOLEXP, to calculate cumulative equivalent 
sun hours exposure for all LDEF rows, longerons, and earth and space ends. A brief oudine 
of the program follows. 

Execution of SOLEXP begins with reading flags to select direct solar radiation, earth reflected 
radiation, or both combined, and flags to control output. The user may input earth albedo and 
solar irradiance and wavelength limits for a chosen spectral band. Files of solar and albedo 
form factors are entered. If an earth reflected radiation sun hours calculation has been selected, 
the table of albedo form factors is multiplied by the albedo. If a combined solar and earth 
reflected equivalent sun hours calculation has been selected, the albedo form factors are 
multiplied by the earth albedo and added to the solar form factors to yield combined form 
factors. A file of daily (5 angles is read in. 

After all input has been read in, daily form factors are interpolated for each surface as a 
function of daily |3 angle. Daily equivalent sun hours are calculated from the form factors and 
running sums are formed to keep the cumulative equivalent sun hours. 

The amount of output is selected by an output flag. A short output comprises a table of 
cumulative equivalent sun hours for each LDEF surface for each day of the mission. A larger 
output includes this table plus daily equivalent sun hours, daily solar irradiances and fluences, 
and daily irradiances and fluences. Plots of cumulative equivalent sun hours may be printed. 

For purposes of calculation we assumed that orbit averaged form factors and daily average 
form factors are the same. Implicit in this assumption is that there is an integral number of 
orbits per day. In fact, the LDEF orbital period varied from 94 minutes (15.3 orbits per day) at 
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the start of mission to 91 minutes (15.7 orbits per day) at the end. The error in rounding to the 
nearest integer number of orbits is a maximum of 3 percent in any day. Because each day 
starts at a different position in the orbit from the starting position of a day earlier, these errors 
should rapidly average out and should not be significant over periods greater than a few days. 

The SOLEXP program calculates equivalent sun hours of direct solar radiation for each LDEF 
surface on a given day by multiplying the solar form factor for that surface by 24 hours/day. 
The form factor for a row or earth or space end on a given day is calculated as follows: First, 
the P angle for that day is determined from Table 3. Then, the form factor at that P angle is 

obtained from Table 1 with four-point Lagrangian interpolation. Daily equivalent sun hours are 
accumulated to yield equivalent sun hours of direct solar exposure as a function of mission time 
for each row. Equivalent sun hours for longerons are inteipolated from the values for the 
rows, again using the Lagrangian interpolation. At this point, cumulative equivalent sun hours 
exposure are correct for a ten-degree yaw angle; they are subsequently adjusted to eight-degree 
yaw by way of the four-point Lagrangian interpolation formula. 

Equivalent sun hours of earth reflected radiation are calculated in a similar manner except that 
the albedo form factor, interpolated from Table 2, is used for the calculation after multiplying it 
by an average earth albedo, 0.246, and by 24 hours/day. Likewise, total solar exposure is 
calculated with these same procedures except that solar form factor, is combined with the 
product of albedo form factor, average earth albedo and hours per day prior to the calculation. 

5. CALCULATED RESULTS 

Cumulative equivalent sun hours of total exposure have been calculated for each LDEF row 
and longeron and earth and space ends for each day of the mission. These data are presented in 
tabular form in the appendix. The user may use this table to calculate full spectrum solar 
fluence (joule/cm 2 ) by multiplying cumulative equivalent sun hours by 492.48 joule/cm 2 -hr. 
This factor is based on a solar irradiance of 0. 1368 watt/cm 2 (Reference 2). Similarly, the 
solar fluence in the 0.2 to 0.4 |im band may be obtained by multiplying the cumulative 
equivalent sun hours by 39.24 joule/cm 2 -hr. This factor is based on a solar irradiance of 
0.0109 watt/cm 2 in this band. Fluences for other spectral bands may be calculated in like 
manner. 
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Figure 3 summarizes cumulative equivalent sun hours exposure from direct solar and earth 
reflected radiation at each LDEF tray location. As may be seen from the figure, the highest 
exposure is to the space end and the lowest to the earth end. Of the 12 rows, the leading and 
trailing rows (9 and 3, respectively) receive the highest exposure, and those nearly parallel to 
ram direction (rows 6 and 12) receive the lowest exposure, about 60 percent of the leading 
edge exposure. 

Figure 4 shows the buildup of cumulative equivalent sun hours with time for five typical trays. 
Build-up is quite linear with time for earth and space ends and rows 3 and 9 (trailing and 
leading edge rows), but rows 6 and 12 show a marked seasonal effect. Row 12 is oriented in a 
northerly direction and, hence, receives the most intense radiation in the northern hemisphere 
summer and the least intense radiation in the northern hemisphere winter. The opposite is true 
for row 6, which is oriented in a southerly direction. Seasonal effects decrease as row 
orientation becomes perpendicular to ram direction. 

Solar exposure builds approximately linearly with time except for seasonal variations on 
northerly and southerly facing vertical surfaces. Figures 5 through 28 show total, direct solar, 
and earth reflected exposures over the mission for LDEF rows and longerons. Figures 29 and 
30 show results for earth and space end surfaces. Earth reflected radiation accounts for 72 
percent of the total radiation received by the earth end surfaces (Figure 30). This is a much 
higher proportion of reflected radiation than for any other location. Rows 1 through 12 receive 
from 9 to 15 percent of their exposure from earth reflected radiation. The space end surfaces 
are not exposed to earth reflected radiation. 

Figure 31 shows a polar plot of cumulative equivalent sun hours at the end of the LDEF 
mission for vertical surfaces (rows and longerons). The exposure times are nearly symmetrical 
with respect to the direction of the ram vector. The polar plot displays the effect of yaw angle 
on calculated exposure times. Rows 9 and 3 lie on the z-axis and Rows 6 and 12 lie on the 
y-axis of the vehicle. The exposure pattern is skewed counterclockwise to these coordinates 
when viewed from above. 
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31.96 -6.36 22.40 41.69 -13.74 -8.75 14.72 -32.75 -39.56 

35.21 -5.10 18.63 43.85 -11.74 -12.70 15.09 -29.14 -42.85 
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FilGURE 1. DEFINITIONS OF LDEF COORDINATES AND BETA ANGLE 


AVERAGE EARTH ALBEDO 
LATITUDE: 30° N TO 30° S DATE: NOV 78 TO JUL 87 
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FIGURE 2. AVERAGE EARTH ALBEDO FOR TROPICAL LATITUDES 
CALCULATED FROM NIMBUS 7 MEASUREMENTS 
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FIGURE 5. CUMULATIVE EQUIVALENT SUN HOURS 

FOR LDEF ROW 1 VS MISSION TIME. 
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CUMULATIVE EQUIVALENT SUN HOURS 
FOR LDEF LONGERON 3-4 VS MISSION 
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CUMULATIVE EQUIVALENT SUN HOURS 
FOR LDEF ROW 4 VS MISSION TIME. 
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CUMULATIVE EQUIVALENT SUN HOURS 
FOR LDEF LONGERON 4-5 VS MISSION 
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CUMULATIVE EQUIVALENT SUN HOURS 
FOR LDEF LONGERON 5-6 VS MISSION 
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CUMULATIVE EQUIVALENT SUN HOURS 
FOR LDEF LONGERON 6-7 VS MISSION 
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CUMULATIVE EQUIVALENT SUN HOURS 
FOR LDEF LONGERON 7-8 VS MISSION 
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CUMULATIVE EQUIVALENT SUN HOURS 
FOR LDEF ROW 8 VS MISSION TIME. 
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FIGURE 20. CUMULATIVE EQUIVALENT SUN HOURS 

FOR LDEF LONGERON 8-9 VS MISSION TIME. 
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FIGURE 22. CUMULATIVE EQUIVALENT SUN HOURS 

FOR LDEF LONGERON 9-10 VS MISS 10 
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FIGURE 24. CUMULATIVE EQUIVALENT SUN HOURS 

FOR LDEF LONGERON 10-11 VS MISSION TIME. 
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FIGURE 26. CUMULATIVE EQUIVALENT SUN HOURS 

FOR LDEF LONGERON 11-12 VS MISSION TIME. 
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FIGURE 29. CUMULATIVE EQUIVALENT SUN HOURS 

FOR LDEF SPACE END VS MISSION TIME. 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR ♦ EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR ♦ EARTH REFLECTED RADIATION 
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FOR INCIDENT SOLAR ♦ EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR ♦ EARTH REFLECTED RADIATION 


Q (7lSNQNNSa)inNtU)HU)H(*)WO>©Nffl(*)lO(M^(7)000>OH 

H CD01)^(J)HHia()0(OtWHM^O)(O(OC0^(*)^O)(O(O00WO)a)QW 

z (OS^NHTtN(J)DJiDOOHTfSIS^CODJNNS(\OO^ISSfOISa)lO 

O HNNMfOP)Wrttt^Li)U)U)(0(0(DSSOO®0)0)QHHNrtnt 

Ct mrorofofofonrorofocofoforooorofofowcofomro^tt^vt^ 

lu POfOfOMroroww^cOfomcofOfocomfOMfOrtmmrtcowwnnrt 

z 

o 


Q U)DiHOOHCOSCOHi/)rOCOfOMflOISHH(^(OHWOO(O^CMNNOIIS) 

*-* HSNW(0()0QQHH(NJf0(0®W(«)WrtW5)SlfltlflSSnNNN 



co 

H 

LO 

Si 

Tp 

00 

CO 

p- 

H 

LO 

01 

co 

p- 

CM 

CO 

H 

co 

tH 

CO 

CM 

p*. 

CO 

cn 

ID 

H 

00 


<9 

p- 

ro 

o 

CO 

p- 

r» 

CO 

00 

OO 

Oi 

a> 

Q 

51 


H 

rH 

CM 

CM 

co 

CO 

Tp 


LO 

ID 

CO 

co 

N- 

00 

00 

01 

51 

o 

f—t 

Q: 

CO 

co 

CO 

CO 

CO 

CO 

CO 

co 

p» 

P- 

p~ 

p- 

p- 

N- 

N- 

r- 

p- 

p» 

p- 

p~ 

p- 

p^ 


P- 

p^ 

p- 

p~ 

00 

00 

00 


co 

co 

co 

co 

CO 

CO 

CO 

co 

co 

CO 

co 

CO 

co 

co 

CO 

co 

CO 

CO 

co 

CO 

co 

CO 

CO 

CO 

CO 

co 

CO 

co 

CO 

CO 


0) 

LO 

Tp 

LD 

00 

CM 

co 

o> 

CO 

51 

Tp 

51 

rH 

00 

CO 

p- 

& 

CM 

rH 

00 

51 

P- 

CO 

CO 

CO 

CO 

Tp 

LO 

P- 


p- 


51 

LO 

01 

CM 

in 

CO 

p- 

00 

o> 

CD 

51 

rH 

CM 

in 

00 

CO 

00 

tp 

51 

00 

in 

CO 

tH 

0> 

CO 

CO 

Oi 


01 

CM 

z 

tp 

O) 

Tp 

51 

LO 

51 

LO 

51 

in 

51 

CO 

H 

CO 

H 

co 

CM 

p- 

CO 

01 

tp 

51 

CO 

CM 

P-. 

CO 

O) 

*9 

51 

LO 

H 

o 

CM 

CM 

co 

tp 

tp 

LD 

in 

CO 

co 

P- 

p» 

00 

00 

oi 

01 

51 

51 

*— * 

r-t 

CM 

co 

CO 

tp 

Tp 

LO 

in 

CD 

e'- 

P- 

00 

cn 

00 

00 

00 

oo 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

0) 

o> 

o> 

0> 

01 

ai 

Oi 

0) 

01 

0) 

0) 

Oi 

en 

O) 

01 

LU 

CO 

CO 

co 

CO 

co 

co 

co 

co 

CO 

co 

co 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

CO 

CO 


z 

o 


_) 

Oi 

Oi 

s» 

CO 

p- 

51 

CM 

CO 

Tp 

Tp 

Tp 

Tp 

CD 

00 

H 

in 

p". 

00 

in 

p- 

CM 

P- 

CM 

CO 

01 

00 

5) 

CO 

p- 




00 

p« 

LO 

co 

CM 

5) 

00 

CO 

Tp 

CM 

51 

00 

CD 

in 

co 

r-t 

01 

p'- 

TP 

fH 

CO 

rH 


in 

in 

Tp 

51 


p" 

CD 


00 

Tp 

51 

CD 

CM 

00 

co 

0) 

in 

tH 

P» 

CM 

00 

Tp 

51 

CO 

rH 

p- 

CO 

01 

TP 

51 

in 

51 

in 

51 

m 

01 

CO 

p- 

o 

H 

CM 

co 

CO 

TP 

TP 

in 

LO 

CD 

P- 

P- 

CD 

00 

01 

61 

51 

rH 

H 

CM 

CM 

CO 

Tp 


in 

LD 

CO 

CD 

CO 

p- 

p- 

QC 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

CO 

00 

00 

01 

01 

0> 

Oi 

0) 

Oi 

Oi 

Oi 

oi 

01 

Oi 

01 

0) 

0) 

01 

0) 


CO 

CO 

CO 

co 

CO 

CO 

co 

CO 

co 

CO 

co 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

co 

CO 

CO 

CO 

CO 

CO 


CO 

CD 

rH 

r» 

TP 

00 

p- 

r-t 

00 

CD 

Tp 

rH 

in 

TP 

00 

CM 

P'- 

01 

in 


CO 

rH 

in 

Tp 

in 

00 

CM 

p- 


P- 

00 


r-t 

01 

p» 

P- 

p- 

CD 

51 

rH 

co 

in 

p- 

CD 

01 

01 

01 

P- 

Tp 

51 

TP 

CD 

CD 

CO 

00 

51 

Oi 

CO 

Oi 

51 

CD 

TP 

z 

r- 

CM 

00 

TP 

51 

CD 

CO 

01 

in 

H 

p- 

CO 

01 

in 

rH 

P- 

CO 

Oi 

TP 

01 

■* 

01 

CO 

00 

r-t 

in 

00 

CM 


p- 

o 

p- 

00 

00 

01 

5) 

51 

H 

H 

CM 

CO 

co 

TP 

TP 

in 

CO 

CD 

p» 

1^ 

00 

OO 

0) 

0) 

51 

Q 

r-t 

tH 

rH 

CM 

CM 

CM 

OC 

LD 

in 

LD 

in 

CO 

CD 

CD 

CD 

CD 

CO 

CD 

CD 

CO 

CD 

CD 

CD 

CD 

CD 

CD 

CO 

CO 

CD 

p- 

P- 

P- 

P- 

P- 

P- 

P- 

P- 

LU 

CO 

ro 

co 

CO 

co 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

ro 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

ro 

co 

CO 

co 

CO 

co 

CO 


z 

o 


CD 

oo 

CD 

CD 

in 

51 

01 

00 

TP 

co 

CM 

00 

P" 

in 

00 

TP 

51 

«H 

<D 

CO 

00 

tH 

rH 

CD 

CD 

rH 

51 

CD 

51 

p- 

CM 


CD 

51 

CO 

Tp 

TP 

TP 

CD 

01 

CM 

in 

P- 

01 

51 

Oi 

P- 

co 

CD 

CD 

Tp 

00 

Q 

00 

CM 

CO 

rH 

in 

LD 

CO 

p» 

51 


Tf 

51 

in 

rH 

P- 

CO 

Oi 

in 

CM 

00 

TP 

51 

p- 

CM 

00 

Tp 

01 

TP 

01 

CO 

00 

tH 

in 

00 

tH 

co 

in 

h- 

00 

Q 

O 

tH 

CM 

CM 

CO 

CO 

■M- 

TP 

in 

CD 

CD 

P- 

00 

00 

01 

01 

Q 

51 

r-t 

tH 

CM 

CM 

CO 

co 

co 


TP 


TP 


in 

cn 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


z 

o 

on 

LU 

o 

z 

o 

_l 


00 

in 

rH 

LO 

CM 

00 

01 

P- 

CD 

CD 

CM 

p- 

00 

51 

51 

CD 

TP 

CO 

CO 

TP 

LD 

OO 

CD 

r- 

CD 

P- 

00 

M" 

LO 

CD 

LO 

p- 

rH 

CD 

CD 

CO 

P'- 

00 

OO 

P- 

co 

P" 

01 

P- 

rH 

CM 

01 

CM 

rH 

CO 

P- 

in 

51 

CO 

TP 

CO 

tH 

P- 

H 

CD 

tH 

p- 

CM 

00 

Tp 

51 

CO 

CM 

00 

TP 

01 


01 


OO 

tH 

in 

00 

51 

CM 

v 

CD 

P- 

oo 

01 

51 

51 

51 

51 

r-t 

H 

CM 

CM 

CO 

TP 

TP 

LO 

in 

CO 

CD 

p- 

P- 

00 

00 

01 

Oi 

01 

Q 

51 

51 

51 

51 

51 

51 

tH 

tH 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

01 

0) 

0) 

0) 

01 

01 

0> 

0) 

Oi 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


P- 

5) 

TP 

51 

P- 

rH 

Oi 

CO 

Tp 

CO 

CO 

5) 

in 

f-H 

rH 

CM 

01 

CM 

00 

00 

CM 

ro 

CM 

in 

oi 

00 

CO 

Oi 

CM 

CM 

51 


CO 

CM 

CO 

P- 

co 

P- 

CM 

Oi 

P- 

in 

CM 

co 

00 

CD 

51 

01 

in 

ID 

r-t 

CO 

51 

CO 

CM 

oo 

CO 

00 

CM 

1^- 

rH 

in 


00 

CM 

CD 

51 

LO 

5) 

CD 

r-t 

P- 

co 

01 

TP 

Oi 

Tp 

Oi 

CM 

co 

01 

CM 

Tp 

CD 

P- 

00 

00 

01 

01 

51 

51 

rH 

rH 

O 

*H 

CM 

CM 

co 

CO 

TP 

T* 

LO 

in 

co 

CD 

P- 

p- 

CO 

00 

01 

01 

01 

51 

51 

<9 

5) 

5i 

51 

51 

Q 

tH 

tH 

tH 

rH 

Ql 

TP 

Tf 

TP 

TP 

TP 

TP 

TT 

Tp 

TP 

TP 

Tf 

TP 

Tp 

TP 

TP 

TP 

TP 

TP 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

LO 

U> 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

OH 


CO 

Oi 

Tp 

LO 

r-t 

00 

51 

00 

r-H 

CD 

TP 

P'- 

CO 

CM 

TP 

rH 

51 

rH 

in 

OO 

CM 

CO 

CM 

Oi 

m 

CD 

01 

CO 

LO 

in 

to 


51 

rH 

P- 

Oi 

in 

p- 

H 

01 

P- 

CD 

CO 

00 

0) 

in 

CO 

rH 

51 

co 

rH 

in 

TP 

51 

CO 

CD 

00 

51 

CO 

CO 

oi 

CM 

z 

00 

rH 

TP 

00 

co 

00 

TP 

01 

in 

rH 

P- 

CM 

P- 

CM 

CD 

51 

CO 

in 

p*. 

OO 

OI 

51 

51 

51 

51 




tH 

CM 

o 

tH 

CM 

CM 

CM 

co 

CO 

TP 

TP 

in 

CD 

CD 

P- 

P- 

00 

00 

01 

01 

01 

01 

01 

Oi 

51 

51 

<9 

51 

51 

19 

51 

51 

51 

cn 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

co 

CO 

co 

CO 

CO 

CO 

CO 

CO 

LU 

o 

z 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

_l 

CO 

CO 

CO 

00 

00 

P~ 

01 

CD 

Tp 

CM 

P- 

CO 

P- 

TP 

CO 

co 

01 

CM 

CO 

in 

00 

01 

51 

Tp 

LD 

p- 

P" 

CO 

CM 

CM 

CM 


01 

CO 

tH 

LO 

Oi 

TP 

cn 

51 

TP 

P- 

P- 

5) 

CM 

(9 


00 

CD 

CM 

TP 

00 

*■ 

CD 

tH 

OI 

Oi 

01 

01 

00 

© 

ro 



51 

m 

CD 

CO 

CD 

CM 

CM 

CM 

CM 

H 

CD 

51 

p- 

P- 

51 

P- 

00 

co 

CO 

51 

■M- 

00 

f— • 

in 

01 

CO 

P- 

tH 

in 

o 

CO 

CD 

ai 

CO 

00 

CO 

01 

in 

tH 

P" 

CO 

00 

Tp 

co 

CN 

CD 

00 

51 

CM 

CO 

TP 

Tp 

Tp 

in 

in 

in 

CD 

co 

P*. 

p- 

cn 

00 

00 

00 

Oi 

01 

51 

51 

tH 

CM 

CM 

CO 

CO 

TP 

Tp 

in 

ID 

in 

CO 

CO 

CD 

CO 

CO 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 


rH 

rH 

r-t 

tH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


V 

< 

Q 


51 rH 
CN CM 
p- p- 


CM CD 
CM CM 
p- p- 


TT U> 
CM CM 
p- p- 


<0 p- 

CM CM 

p- p- 


00 CD 
CM CM 
p- p- 


5) rl CM fO ^ 

co co ro co co 

S N N N S 


W CO N 
CO CO CO 
p^ p- r- 


00 Oi 51 

co co tp 

p- p- p- 


H CM CO 

tp -m- t* 

p*. p*. p- 


n U5 CO 

Tp Tp Tp 
p- p- p- 


N CO O) 
^ t 
p- p- p- 


A76 



CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 


o 

CD 


CO 

CO 

CM 

CO 

00 

h- 


r-t 

r-t 

z 

h- 

CO 

r- 

ft 


CO 

r- 

00 

CD 

Q 

f-H 

LU 

CM 

5) 

h- 

LD 

CM 

CD 

co 

CO 

<S 

00 

ID 

UJ 

00 

CD 

CD 

K> 

r-l 

ft 

CM 

CO 



ID 

ij 

CD 

CD 

CD 

S> 

<s 

5> 

® 

<s 

ts 

ts 

S> 

< 

CL 

CO 




LD 

ID 

LD 

ID 

LD 

ID 

ID 

LD 

Q 

co 

CO 

H 

00 


CD 

CO 

CO 

CD 

CM 

LD 

z 

CD 

H 

co 

V 

<0 

N- 

CD 

Q 

r-t 

CO 


UJ 

IS 

CO 

ID 

f*- 

0) 

ft 

CO 

CO 

00 

Q 

CM 

x 

CO 

CO 

CO 

CO 

CO 


-<r 


* 

ID 

LD 

J— 

ID 

ID 

ID 

LD 

ID 

LD 

ID 

LD 

LD 

LD 

ID 

(X 

< 

UJ 

ft 

H 

H 

ft 

H 

H 

ft 

ft 

ft 

rH 

r-l 

CM 

IS 

D- 

■C 

cs 

00 

CM 


CO 

OO 

<D 

r-t 

H 

ID 

H 

to 

ts 

CM 

LD 

r- 

CD 

ft 

CO 

CO 

2 

mt 

ID 

LD 

co 

CO 

CO 

co 

co 

h- 

r- 

r- 

o 

to 

to 

CO 

to 

CO 

CO 

co 

CO 

CO 

to 

co 

ft; 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

UJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


o 

z 

o 


o 

QC 


I". ID CM <0 

N H ID H 


h- 00 CO 
CO o> ID 


(O ^ t-H CD <0 

S 05 0» 0) Q 


i h o> r- 

CM CM CO 


00 

CO 

CO 

ft 

ft 

00 

LD 

CO 

r- 

ID 

CM 

CO 

h- 

f- 

r-t 

00 

LD 

CM 

CD 


Q 

ID 

LD 

CO 

f-» 

h- 

00 

CD 

ft 

ft 

r-t 

r-t 

ft 

r-t 

ft 

LD 

ID 

LD 

ID 

LD 

LD 

LD 




r^coiococo^^cofooo 


CD 


ft CD 

® cs> 


^ oo 


(OCDH«)U)NO»Wt(OOOjWlJNOiH« 


0> CM 

co 




^ -M- S) CM CO CO CM 


CO 

G> 


Q 00 N CM 0» ® 

StO)U)MO>OOCDOO 
(S ® H CM 00 


00 00©O)O)H(M^S.- mft 

(Ott} W <O( 0 C 0 < 0 ( 0 NNN ^®®®2 

SSS« «««««!!> 2 2 2222 


to CO 
CO ft 


LD 

CM 

Q 

ft 

H 

rH 

rH 

CM 

CM 

IS 

r- 

CM 

00 

CM 

CO 

S 


oo 

CM 

CO 

Q 

V 

f- 

rH 

<D 

IS 

Q 

r-t 

ft 

r-t 

CM 

CM 

CO 

CO 

CO 


CO 

•M - 


^r 

■tr 

M- 


’tr 

tf 

'M- 



CO 

CO 

CO 

co 

co 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


® CM ® 00 
ID tS 00 CD 


(0 N (O 
(O O) ® 


CM CO ID CM CD 00 

r-l CM CO ^ CO r-t 


Q (O 

r- oo 


id in to oo 

v ^ ^ ^ 


w , CO CM CM 

tninintooONrooQH 

cococococo 


® M 00 fO <J» tO ^ 


z 

o 

CC 

UJ 

o 

z 

o 


o 

a: 


00 

00 

rH 

CO 

r- 


r- 

LD 

LD 

<D 

CM 

CO 

CO 

CO 

CM 

rH 

00 

CD 

r-t 

CM 

CO 

tr 

ID 

co 

CO 

CO 

h- 

r» 


h- 

h- 

r- 

LD 

LD 

LD 

LD 

LD 

ID 

LD 

LD 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


s> 

r-» 

r-» 

ID 

CM 


to in s w ® w O) 

00 N (D to ^ ® 8 

N 00 O) 8 H W 

s n s co on tt ® 

in in in in in in in 

CM CM CM CM CM CM CM 


(O CM CO <S 00 tO 
in W t H CM ® to 

in n o> w in o> co 

co 00 00 CD CD CD IS 

in in in in in in to 

CM CM CM CM CM CM CM 


IS CD CO 00 5) CO 

8 CJ 8 <0 ® ^ ® 

CD ID CM (D f"- CO CO 

Q H CM CM CO 'M' CO 

to CO CO CO CO CO CO 

CM CM CM CM CM CM CM 


CD 

CO 

0) 

LD 

G> 

r- 

r- 

LD 

<s 

CO 

■M- 

CM 

H 

tf 

r- 

CD 

t—t 

CO 

CM 

CM 

CM 

CM 

CO 

CO 

CD 

0) 

<D 

CD 

CD 

0) 

CM 

CM 

CM 

CM 

CM 

CM 


h in in in 8 

is to CM CD LD CM 

LD tO 00 CD ft CO 

co co co co ^r^r 

CD CD CD CD CD CD 

CM CM CM CM CM CM 


fO 8 8 N ^ ^ 

h m in 8 H 

in n O) w t w 

t t ^ in in in 

CD CD CD CD CD CD 

CM CM CM CM CM CM 


CM CD h- 00 CO CO 

I"- CO 8 00 rH 00 

h in 8 t 8 in 

tO CD D- D- 00 OD 

CD CD CD CD CD CD 

CM CM CM CM CM CM 


tO CO H IS 00 CM 

CD ID LD CD tO OO 

r-t 00 LD CM Q 00 

CD CD Q «-* CM CM 

O) Oi 8 8 8 8 

CM CM CO CO CO CO 


>- Q fl CM CO '* 

< CM CM CM CM CM 

Q h- I s - r-> I s - r-* 


lOtOC^-OOCDQr-iCMCO 

CMCMCMCMCMCOCOCOCO 


^ in to n ® O) 8 

co w o n co w t 

r*. ^ 


HWCOM-inCNffl® 


A77 


CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR ♦ EARTH REFLECTED RADIATION 


LO S^®WH0)®O0)NNt00)C0t(0©N(D(»NW(000NW0)S(Il)N 

HfOlDCDCOOCM^SCJS'tWNfOinOCOlfiNWHHCOSH^NOOS 


z 

<N 

CM 

eg 

eg 

eg 

eg 

CO 

CO 

co 

O' 

g 

LO 

CO 

r- 

00 

01 

& 

eg 

g 

CO 

o> 

eg 

LO 

00 

fH 

LO 

00 

rH 

g 

I s - 

o 

H 

i-t 

i-« 

f—» 

rl 

rH 

H 

rH 

rl 

H 

rH 

t-H 

rH 

rH 

fH 

rH 

eg 

eg 

eg 

eg 

eg 

CO 

CO 

CO 


g 

g 

LO 

LO 

LO 

Qd 

LO 

LO 

LO 

LO 

to 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LU 

O 

z 

eg 

CVI 

CM 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 


o 


LO 

rH 

B 

CO 

eg 

00 

CO 

g 

rH 

eg 

g 

B 

CO 

I s - 

eg 

00 

i- 

I s - 

g 

B 

co 

fH 

B 

I s - 

I s - 

co 

00 

CD 

CO 

co 

eg 


CO 

00 

oi 

rH 

eg 

g 

I s - 

rH 

CO 

CO 

CO 

LO 

b 

oi 

B 

LO 

CO 

g 

00 

g 

CO 

g 

CO 

b 

LO 

B 

LO 

B 

CO 

LO 


LO 

LO 

LO 

CO 

CO 

co 

CO 

I s - 

I s - 

00 

0> 

b 

eg 

co 

<0 

00 

rH 

g 

h- 

rH 

LO 

O) 

co 

00 

eg 

r- 

rH 

co 

IS 

g 

O 

0) 

CD 

oi 

CD 

oi 

o> 

CD 

Oi 

CD 

O) 

Ol 

<s 

B 

B 

B 

B 

rH 

rH 

rH 

eg 

eg 

eg 

CO 

CO 

g 

g 

LO 

LO 

CO 

co 

cc 

00 

00 

00 

00 

00 

00 

00 

co 

00 

00 

00 

CD 

CD 

CD 

CD 

O) 

Ol 

0> 

o> 

o> 

CD 

0) 

CD 

01 

o> 

<D 

01 

O) 

O) 

CD 


eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 


g- 

eg 

CO 

00 

eg 

00 

rH 

g 

CO 

B 

eg 

rH 

CD 

00 

CD 

eg 

LO 


rH 

0 ) 

GO 

CO 

IS 

CO 

eg 

co 

h- 

IS 

00 

00 

r- 


rH 

eg 

eg 

co 

co 

ID 

I s - 

rH 

r- 

LO 

CO 

Ol 

CO 

CO 

B 

<0 

LO 

I s - 

b 

CO 

g 

g 

g 

CO 

00 

Q 

CO 

g 

LO 

LO 

z 

CO 

g 

LO 

CD 

I s - 

00 

01 

rH 

eg 

g 

CO 

00 

rH 

g 

00 

rH 

LO 

Ol 

g 

00 

CO 

CO 

co 

00 

CO 

Ol 

g 

01 

g 

O) 

o 

CO 

C0 

CO 

co 

CO 

CO 

co 

g 

g 

g 

g 

g 

LO 

LO 

LO 

co 

CO 

CO 

I s - 

I s - 

GO 

00 

Ol 

Ol 

B 

B 

rH 

rH 

eg 

eg 

Qd 

CO 

CO 

CO 

co 

CO 

CO 

co 

CO 

CO 

CO 

C0 

CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

CO 

CO 

CO 

co 

CO 

g 

g 

g 

g 

g 

g 

LU 

O 

z 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

C0 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

co 

CO 

co 

co 

_J 

g 

B 

LO 

eg 

i- 

LO 

CO 

g 

CO 

eg 

g 

rH 

eg 

00 

0 > 

eg 

I s - 

«H 

B 

LO 

co 

CO 

eg 

Ol 

rH 

r- 

g 

IS 

g 

CO 

LO 


eg 

CO 

B 

co 

I s 

eg 

00 

CO 

co 

00 

CO 

& 

CD 

fH 

co 

eg 

rH 

fH 

eg 

LO 

Ol 

g 

Ol 

CO 

cg 

Ol 

CO 

eg 

00 

CO 


B 

eg 

LO 

I s - 

O) 

eg 

g 

I s - 

b 

CO 

I-- 

fH 

g 

Ol 

CO 

GO 

CO 

oo 

co 

OO 

CO 

Ol 

g 

IS 

co 

rH 

I s - 

co 

00 

g 

o 

co 

CO 

CO 

co 

CO 

g 

g 

g 

LO 

LO 

LO 

CO 

co 

CO 

I s - 

r- 

00 

GO 

O) 

01 

(9 

IS 

rH 

eg 

eg 

CO 

CO 

g 

g 

LO 

ad 

I s - 

r- 

I s - 

r- 

ho 

h- 


1 - 

I-- 

I s - 

r- 

I s - 

h- 

r- 

I s - 

d- 

I s - 

I s - 

r- 

i*- 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 


PO 

co 

CO 

co 

CO 

CO 

CO 

CO 

C0 

co 

CO 

co 

CO 

co 

CO 

ro 

CO 

CO 

co 

CO 

CO 

CO 

CO 

co 

co 

CO 

co 

CO 

CO 

CO 


CO 

00 

LO 

co 

LO 

I s - 

I s - 

00 

CO 

CO 

fH 

LO 

r- 

g 

LO 

B 

I s - 

eg 

LO 

co 

CO 

CO 

eg 

co 

LO 

00 

rH 

LO 

r- 

O) 

Ol 


g 

CO 

rH 

o> 

I s " 

co 

CO 

00 

rH 

CO 

eg 

IS 

IS 

rH 

g 

I s - 

eg 

r- 

CO 

Ol 

CO 

co 

IS 

r- 

g 

eg 

Ol 

co 

CO 

B 

z 

eg 

co 

IS 

CO 

I s - 

rH 

LO 

Ol 

g 

00 

co 

00 

CO 

00 

CO 

00 

g 

O) 

LO 

B 

co 

eg 

00 

co 

Ol 

LO 

B 

CO 

eg 

00 

o 

co 

CO 

g 

g 

g 

LO 

LO 

LO 

co 

CO 

h- 

r- 

00 

00 

01 

Ol 

IS 

IS 

rH 

eg 

eg 

co 

co 

g 

g 

LO 

CO 

co 

I s - 

I s - 

Qd 

Ol 

Ol 

Ol 

Ol 

Ol 

O) 

O) 

Ol 

01 

Ol 

Ol 

01 

Ol 

Ol 

Ol 

Ol 

B 

IS 

IS 

is 

B 

B 

IS 

IS 

B 

IS 

IS 

IS 

<a 

IS 

LU 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 


z 

o 


CO 

00 

is 

CD 

00 

00 

eg 

rH 

CO 

00 

h- 

eg 

eg 

I s - 

g 

CM 

IS 

co 

IS 

O) 

to 

LO 

eg 

g 

co 

IS 

D» 

co 

eg 

co 

00 


rH 

LO 

I s - 

IS 

CO 

r- 

rH 

to 

<s 

co 

co 

IS 

I s - 

LO 

CO 

rH 

00 

CO 

eg 

Ol 

LO 

rH 

co 

rH 

CO 

IS 

LO 

G> 

LO 

IS 

3C 

h- 

eg 

h» 

co 

oo 

CO 

Ol 

g 

IS 

LO 

rH 

I s - 

eg 

00 

g 

IS 

LO 

rH 

r- 

eg 

OO 

g 

o> 

LO 

Q 

CO 

rH 


eg 

00 

o 

CO 

h- 

r- 

00 

00 

Ol 

Ol 

IS 

rH 

rH 

eg 

cg 

CO 

CO 

g 

LO 

LO 

<o 

co 

r- 

D'- 

00 

00 

Ol 

IS 

IS 

rH 

rH 

eg 

eg 

Qd 

CD 

CD 

Ol 

CD 

Ol 

O) 

Ol 

IS 

IS 

IS 

B 

is 

IS 

& 

B 

IS 

IS 

B 

IS 

IS 

'S 

IS 

B 

IS 

rH 

rH 

rH 

rH 

rH 

fH 



CO 

co 

CO 

CO 

CO 

CO 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

* 

g 


g 

g 

g 


eg 

eg 

IS 

rH 

eg 

eg 

Ol 

g 

LO 

eg 

CO 

g 

LO 

O) 

g 

00 

G> 

00 

LO 

00 

00 

CO 

eg 

IS 

IS 

CD 

IS 

LO 

CO 

CD 

fH 


rH 

CO 

rH 

CO 

rH 

LO 

IS 

g 

00 

rH 

g 

CO 

r- 

00 

h- 

CD 

eg 

00 

eg 

LO 

f"- 

00 

00 

h- 

LO 

g 

eg 

H 

IS 

rH 

z 

CO 

eg 

CD 

LO 

eg 

00 

LO 

fH 

D- 

g 

IS 

CO 

eg 

00 

g 

IS 

CO 

rH 

r-» 

eg 

D- 

eg 

D- 

eg 

D- 

eg 

D'* 

eg 

h- 

eg 

o 

LO 

co 

CO 

r- 

00 

OO 

O) 

IS 

IS 

rH 

eg 

eg 

co 

CO 

g 

LO 

to 

CO 

CO 

h- 

h- 

00 

00 

CD 

Ol 

IS 

IS 

rH 

rH 

eg 

Od 

r-" 

D- 

D- 

r- 

K- 

r-» 

D- 

00 

00 

00 

00 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

Ol 

CD 

O) 

o> 

CD 

LU 

o 

z 

co 

CO 

CO 

co 

00 

co 

CO 

CO 

CO 

CO 

co 

co 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

co 

_J 

eg 

CO 

eg 

CO 

eg 

LO 

00 

Ol 

g 

eg 

rH 

eg 

eg 

Ol 

g 

g 

Ol 

Ol 

Ol 

CO 

rH 

00 

h» 

CO 

00 

h~ 

g 

rH 

CO 

LO 

O) 


LO 

rH 

s 

g 

IS 

LO 

Ol 

eg 

CO 

eg 

Ol 

g 

CD 

h- 

LO 

IS 

CO 

g 

CO 

G> 

g 

D» 

Ol 

O) 

Ol 

Ol 

o> 

CD 

Q 

eg 


CO 

g 

rH 

o> 

r» 

g 

rH 

Ol 

CO 

CO 

O) 

co 

eg 

00 

g 

& 

LO 

IS 

LO 

IS 

g 

00 

eg 

CO 

Q 

g 

00 

eg 

h- 

f-H 

O 

rH 

eg 

CO 

co 

g 

LO 

co 

co 

h- 

00 

00 

O) 

S> 

G> 

rH 

eg 

eg 

CO 

CO 

g 

g 

g 

LO 

LO 

ID 

CD 

co 

D» 

h- 

00 

cc 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 


co 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

co 

co 

CO 

CO 

CO 

CO 

CO 

co 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 


rH 

eg 

LO 

eg 

CO 

D- 

co 

g 

eg 

eg 

S) 

eg 

g 

LO 

Ol 

rH 

g 

G> 

r- 

CO 

IS 

CO 

LO 

IS 

CO 

00 

CD 

eg 

rH 

rH 

CO 


CD 

CD 

rH 

CO 

g 

g 

rH 

LO 

LO 

rH 

eg 

00 

CD 

LO 

00 

co 

rH 

eg 

rH 

h- 

s> 

rH 

rH 

CD 

CO 

CO 

rH 

CD 

00 

oo 

z 

IS 

CD 

CD 

00 

h- 

co 

LO 

co 

rH 

o> 

CD 

eg 

00 

g 

O) 

g 

CD 

co 

I s - 

IS 

g 

r-. 

Q 

eg 

LO 

00 

f-H 

CO 

CO 

Ol 

o 

rH 

rH 

eg 

CO 

g 

LO 

CO 

D'- 

00 

00 

CD 

G> 

G> 

rH 

fH 

eg 

eg 

CO 

CO 

g 

g 

g 

LO 

LO 

LO 

LO 

CO 

CO 

CD 

CO 

Qd 

Q 

& 

G> 

Q 

IS 

G> 

IS 

'S 

Q 

IS 

IS 

rH 

rH 

rH 

rH 

fH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

fH 

LU 

o 

z 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


o 


rH 

CO 

Q 

LO 

co 

I s - 

CO 

rH 

rH 

eg 

01 

g 

is 

00 

LO 

fH 

LO 

rH 

B 

rH 

oo 

I s - 

eg 

CD 

eg 

I s - 

00 

eg 

fH 

eg 

Ol 


eg 

CO 

rH 

h- 

eg 

LO 

g 

00 

co 

I s - 

eg 

CD 

I s - 

Ol 

LO 

LO 

tH 

CD 

rH 

LO 


I s - 

g 

rH 

CO 

f-H 

I s - 

CO 

B 

CD 

* 

CD 

Ol 

IS 

Q 

rH 

rH 

rH 

IS 

CD 

I s - 

LO 

rH 

r^ 

eg 

I s - 

rH 

LO 

00 

rH 

CO 

LO 

I s - 

Ol 

f-H 

eg 

g 

LO 

I s - 

Ol 

B 

o 

CO 

g 

CO 

I s - 

00 

Ol 

B 

f-H 

rH 

cg 

CO 

g 

g 

LO 

LO 

CO 

CO 

CO 

I s - 

I s - 

h- 

N- 

r- 

00 

00 

00 

00 

00 

00 

Ol 

Qd 

CO 

CO 

CD 

co 

CO 

CD 

f"- 

h- 

h- 

h- 

D- 

D- 

I s - 


I s - 

N- 

I s - 

I s - 

r-- 


I s - 

I s - 

I s - 

I s - 

I s - 


I s - 

h- 

I s - 

I s - 


eg 

eg 

eg 

eg 

eg 

eg 

cg 

cg 

cg 

cg 

eg 

cg 

cg 

cg 

cg 

eg 

cg 

cg 

<N 

eg 

cg 

cg 

cg 

eg 

cg 

eg 

cg 

cg 

eg 

cg 


> 

B 

rH 

eg 

CO 

g 

LO 

CO 

r- 

00 

CD 

B 

tH 

eg 

CO 

g 

LO 

CO 

I s - 

oo 

Ol 

B 

rH 

eg 

co 

g 

LO 

CO 

I s - 

00 

CD 

< 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

h- 


h- 

I s - 

I s 

I s - 

I s - 

I s - 

h- 

I s - 

o 

I s - 

I s - 

1^ 

I s - 

1^ 

I s - 

I s - 

I s - 

I s - 

I s - 

I s 

r-- 

h- 

I s - 

I s - 

I s - 

I s - 

I s - 

I s - 

I s - 

h- 

I s - 

I s - 

I s - 

I s - 

I s - 

I s - 

I s - 

h- 

r- 


A78 



CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR ♦ EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR - EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 


z 

o 

cl 

LU 

O 

z 

o 


o 

CL 


z 

o 

CL 

LU 

O 

z 

o 


o 

CL 


r- 

CO 

CO 

® 

CM 

CM 

CM 

■M- 

CM 

r- 



CM 

07 

TT 

00 

f-H 

CO 

LO 

CO 

00 

07 

® 

® 

H 

rH 

CM 

CM 

CM 

CM 

CO 

CO 

I s - 

I s - 

c- 

I s - 

I s - 

r- 

r- 

r- 

00 

00 

00 

00 

00 

00 

CO 

00 

00 

00 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


N Q W <0 


OirooiQs^fOooccS 


NNfOfOWWfOfO^ ^ Ifl (O N CD Ol 

f — f — f — i — f — ^ ^ ^ ^ 


CO LO 

H 07 

CO 
® 

LO 
O' 


to 

5t 


CO 

OO 

CM 

CM 

H 

CO 

00 

07 

tH 

CO 

CO 

CO 

00 

r- 

LO 

® 

LO 

LO 

H 

CO 

07 

H 

CM 

CO 

■< 

to 

I s - 

00 

® 

CM 

to 

CM 

rH 

rH 

00 

O 

O) 

o> 

® 

® 

® 

Q 

® 

® 

& 

rH 

rH 

rH 

CM 

CO 


® 

® 

® 

® 

H 

rH 

T— < 

H 

rH 

tH 

H 

t-H 

rH 

rH 

rH 

rH 

rH 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

M" 

■M- 


TT 


M - 

M 


M- 

■M- 





'•t 

Hf 



07 

CO 

t-H 

■<* 

r» 

rH 

Q 

LO 

LO 

CM 

LO 

LO 

CO 

00 

O) 

CM 

LO 

h- 

0) 

rH 

CM 

CM 

CO 

CO 

CO 

CO 

■*r 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

LO 

LO 

LO 

LO 

LO 

LO 

LO 


® 

rH 


CO 

CM 

CO 

® 

I s - 

00 

® 

CM 

CM 

rH 

® 

07 

00 

00 

00 

® 

LO 

LO 

to 

r- 

00 

00 

o> 

® 

rH 

CO 


T 

■<* 


'*r 

<<r 

M’ 

LO 

LO 

LO 

LO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

lO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 


r- 

CO 

rH 

■M- 

CM 

CO 

rH 

rH 

CO 

00 

r- 

07 

CO 

00 

& 

CM 

LO 

00 

LO 

LO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

LO 

LO 

LO 

LO 

LO 

LO 


CM 

07 

CM 

07 

Q 

LO 

CO 

LO 

CO 

CO 

CM 

r- 

00 

I s - 

I s - 

rH 

LO 

07 

CM 

LO 

CO 

o> 

& 

® 

® 

rH 

rH 

rH 

00 

07 

07 

07 

07 

07 

07 

LO 

LO 

LO 

LO 

LO 

LO 

LO 


Ol S O) N 


H CO (0 CO ® 


CO 

& 


CO 

CO 

LO 

CO 

CO 

LO 

h- 

07 

CO 

07 

I s - 

CO 

rH 

CM 

'M' 

CO 

07 

rH 

O' 

I s - 

rH 

CO 

CO 

CO 

CO 

^r 

M' 


LO 

O) 

07 

07 

07 

07 

07 

07 

O) 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 


^ N S 10 N CO 

H S W (O S (O w 


O 00 W N 
LO LO CO CD 


CO 

CO 

CM 

CO 

LO 

I s - 

CO 

CO 

CM 

M- 

C- 

® 

00 

00 

00 

07 

00 

00 

00 

CO 

CO 

CO 

CO 

CO 

® 

f- 

Q 

I s - 

00 

co 

co 

LO 

I s - 

rH 

LO 

07 

CM 

CO 

CO 

CO 

LO 

LO 

LO 

LO 





LO 

07 

rH 

00 

I s - 

CM 

rH 

rH 

® 

LO 

® 

LO 

00 

00 

07 

07 

CM 

CM 

CM 

CM 

LO 

LO 

LO 

LO 

07 


CO 

CO 

LO 

OD 

CM 

00 

rH 

CO 

CM 

i- 

00 

00 

07 

07 


SSSSSHsSSSSSSSSiSSSSSSSSSSSSSS 


z 

o 

CL 

LU 

O 


LO 

® 

07 

® 

CM 

CO 

rH 

® 

CO 

CO 

® 

I s - 

rH 

CO 

’M' 

CO 

I s - 

CM 

I s - 

rH 

to 

® 

’T 

00 

co 

I s - 

I s - 

00 

00 

07 

07 

07 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

to 

to 

CO 

CO 


IS N N CO ^ H 

00Wl/)O)W(OSl(O 
® ® IS) rH rH 


07 

07 

CO 

CO 

& 

& 

07 

LO 

h- 

CM 

00 

CO 

O) 

07 

rH 

LO 

rH 

00 

CO 

I s - 

o> 

CO 

I s - 

CO 

CO 

I s - 

CM 

CO 

rH 

LO 

® 

LO 

® 

CO 

rH 

I s - 

CM 

CM 

CO 

CO 

rr 

TT 

LO 

LO 

CO 

to 

h- 

I s - 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

co 

co 

CO 

CO 

CO 

(0 

CD 

CO 

CO 

CO 

CO 

to 

CO 

to 


CM 00 ’J 
00 CO O) 


o 

CL 


07 U) 
CO ^ 


O) CO s 

00 U) H 


rH tO CM 


coqcmqcooowcohcowiowio 

miOOOQHCOtOOCONCOOllOCO 


(7) n co in 

00 to Mr f-t 


N 00 t O) U> • - • • ■ 

(OtDNNOOd'^SQ 

COCOCOtOCOCOCO^t 

to <0 to CO <0 CO 


CM 


s> to 
® <s> 


CO 

O) 


sma)co©«0)^su)HNwa)^ 

hCMCMMCO^^IOIOIONNOOOOWw- 

tOCOCOCOtOCOCOCOCOCOCOCOCOCOtOCOCOCOCO 


to CO co CO CO 


CM 

I s - 

CO 

OO 

rH 

® 

’M' 

CO 

r- 

LO 

07 

® 

rH 

M- 

h- 

® 


00 

CO 

z 

07 

CO 

CM 

00 


rH 

I s - 

CO 

® 

o 

CO 

I s - 

00 

00 

07 

IS) 

® 

rH 

CM 

CL 

Q 

® 

® 

Q 

O 

rH 

rH 

rH 

rH 

LU 

O 

z 

o 

CO 

CO 

co 

CO 

CO 

to 

co 

to 

CO 


o co co 

CM CM CO 


HO)tDO)(J>tU)S 

QlDH(DH(OQt 


QtOOOO)(OWOllflHN 


CM 

Tt 

CM 

CM 

LO 

rH 

CO 

rH 

CO 

rH 

CM 

C- 

s 


& 

rH 

TT 

07 

I s - 

CO 

00 

rH 

r- 


CM 

CM 

rH 


O) 

LO 

rH 


nr 

rH 

OO 

CO 

CO 

rH 

o> 

I s - 

LO 

o 

CO 

I s - 

00 

co 

07 

® 

® 

rH 

CM 

CO 

CO 


LO 

CL 

LO 

LO 

LO 

LO 

LO 

to 

to 

CO 

CO 

CO 

CO 

CO 

CO 


LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 


M- rH 

IS) 00 


rH 

I s - 

LO 


rH 


CM 

CM 

LO 

<S> 

00 

r- 

07 

rH 

CM 

CM 

® 

I s - 

CM 

LO 

I s - 

CO 

rH 

I s - 

■<r 

® 

CO 

CM 

I s - 

CO 

CD 

CO 

00 

07 

o> 

Q 

rH 

rH 

CM 

CM 

CO 

CO 



rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

co 

<0 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


CM LO 

■** 00 


00 LO CO 

S 00 o 


00 N H Q 
Q 00 LO CD 


(O ro O) (O H N 

s> t-t rH CM CO CO 


07 LO 

00 <S) 


CM tO rH 
LO LO tO 


z 

o 

cl 

LU 

o 

z 

o 


o 

CL 


CO 

CM 


rH 



rH 

® 

07 

® 

LO 

LO 

CO 

rH 

CO 

CO 

CO 

LO 

CM 


rH 

CO 

0> 

00 

CM 

I s - 

<<r 

rH 

00 

CM 

00 

Tf 

® 

r- 

f 

CM 

Q 

00 

I s - 

r- 

CO 

co 

CO 

LO 

LA 

LO 

CO 

I s - 

r- 

OO 

07 

® 

® 

rH 

CM 

CO 


LO 

CO 

I s - 

07 

CD 

07 

07 

07 

07 

® 

® 

<s 

® 

Q 



Q 

® 

Tf 

'M' 

Tf 

f 



LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LA 


CO 

& 

CO 

LA 

CO 

I s - 

07 

CO 

rH 

to 

LA 

07 

I s - 

& 

07 

CO 

CO 

IS) 

co 

CM 

CO 

07 

LA 

rH 

LA 

Q 

M 

00 

rH 


CM 

CM 

CO 



LA 

LO 

LA 

to 

CO 

rH 

rH 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

LA 

LA 

LA 

LO 

LA 

LO 

LA 

LA 

LO 

LO 


Tf cn H (7) 
00 CO IS) S) 
Q S H H 


00tDO)fl0U)tCMHU)N(£)O)®W®5 

QintNWHfotoQ^cort^oiS® 

r^t£>COtOr^CDO)cicMCOCOCOCM^a>CDCMOOCMCOg«U5gg 

Tf t}- ''T M" rj-^tM'LOLOLOLOLOLOLOLOLOLOLOLOlOCOCOCDCDCO 


LOO>oor^-0)cocoiocooor-tooo 

^tOCDM-Q^LOCMLOCMCOCDO) 

fO CO t H O) 

07 07 <S> «-» rH 

to CO 'f M Tf 

M t ^ 


>• 

< 

O 


Qi-HCMCO^LOtOr^COO)® 
CMCMCMCMCMCMCMCMCMCMCMCM 


OOOlISlHCMrtt'lfllDNOOO) 
HHHrir ,HHNNCMCMCMNCMCMCMCM 
cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 


ri CM CO ^ U) IO S 


A123 



CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR * EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR ♦ EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR ♦ EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR - EARTH REFLECTED RADIATION 
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1706 6990.24 6175.97 5644.97 5701.24 3623.76 11790.64 

1707 6992.85 6177.25 5645.37 5701.78 3625.94 11798.12 

1708 6995.77 6178.76 5645.92 5702.56 3628.14 11805.67 

1709 6998.99 6180.53 5646.70 5703.61 3630.34 11813.26 
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1765 7140.25 6275.07 5712.09 5774.22 3749.45 12199.25 

1766 7144.71 6278.35 5714.53 5776.89 3751.65 12206.82 

1767 7148.93 6281.30 5716.59 5779.21 3753.85 12214.41 

1768 7152.89 6283.91 5718.25 5781.17 3756.06 12222.02 

1769 7156.56 6286.17 5719.54 5782.75 3758.26 12229.64 
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CUMULATIVE EQUIVALENT SUN HOURS 

FOR INCIDENT SOLAR + EARTH REFLECTED RADIATION 
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1887 7655.28 6723.41 6115.48 6181.00 4010.11 13061.48 

1888 7662.21 6730.91 6123.34 6188.72 4012.20 13068.14 

1889 7669.61 6739.15 6132.15 6197.42 4014.25 13074.53 
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2005 8315.03 7362.96 6739.18 6807.30 4259.77 13867.19 

2006 8315.85 7363.44 6739.57 6807.58 4261.83 13873.71 

2007 8316.55 7363.86 6739.96 6807.87 4263.89 13880.12 

2008 8317.18 7364.25 6740.35 6808.16 4265.93 13886.46 

2009 8317.78 7364.62 6740.73 6808.46 4267.98 13892.77 
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